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Introduction
The whole word has been suffering the Covid-19 pandemic for over a year now, with 

terrible sanitary, economic and sociological consequences. Huge investment and research 
efforts have been done so far to develop and implement sensitive and specific detection 
assays in order to properly detect, trace and isolate disease focus.

Detection of SARS-CoV-2 RNA by Reverse-Transcription real time PCR (RT-qPCR) in 
extracted RNA from nasopharyngeal swabs has become the gold standard worldwide as 
diagnostic tool. This is the most specific and sensitive methodology, but a more economic and 
fast technology is needed for large screenings. With this in mind, we try to develop a SARS-
CoV-2 detection method that will enable the screening of large populations in a short time 
and in an economic way. We believe that this strategy might help detecting disease focus and 
therefore, prevent its spread. In this race for better (cheaper and faster) tools to detect the SARS-
CoV-2, LAMP technology, an alternative to conventional RT-qPCR, has been adjusted for SARS-
CoV-2 diagnostic. In fact, previous works have intended to develop fast and sensitive assays 
using LAMP technology with different assays [1-4]. Loop-Mediated Isothermal Amplification 
(LAMP) is well known for its robust and highly sensitive and specific amplification of target 
nucleic acid, which is achieved by utilizing up to six primers at a constant temperature. It is 
a method developed by Eiken Chemical Co., Ltd. that has successfully been used before for 
diagnosis of infectious diseases such as tuberculosis, malaria, sleeping sickness, Ebola and 
Zika [5]. In a pandemic scenario, isothermal amplification is essential. because it allows the 
technique to be scaled up to high throughput.

On the other hand, saliva is a promising sample for testing due to ease, safe and non-
invasive nature of its collection. Recently, saliva-based tests were approved by the FDA for 
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Abstract

We used a commercially available colorimetric enzyme mix to perform Reverse Transcribed Loop-
Mediated Isothermal Amplification (RT-LAMP) for detecting SARS-CoV-2 on saliva samples without a 
previous RNA purification step. We describe our optimization of the LAMP assay that enabled simple, fast 
and sensitive detection in any saliva sample. Adding Chelex-100 and SDS to saliva samples, we achieved 
97% efficiency in the detection of SARS-Cov-2 with spike-in saliva samples and 100% in a small sample of 
saliva from infected patients. This method is meant to be the basis for high throughput screening, as well 
as a feasible and cheap method for any laboratory.
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SARS-CoV-2 routine diagnostics, as the saliva analysis was found 
to be more consistent than nasopharyngeal swabs in direct 
comparison (Wyllie et al., 2020). Moreover, it’s relatively high viral 
load and proved consistent and sensitive results support the use of 
saliva in high throughput screenings [6,7]. In this scenario, avoiding 
RNA extraction is mandatory. However, only a few works have tried 
the implementation of direct detection without a previous RNA 
extraction, and few of these works have been validated in clinic 
samples. In the present work, we develop a SARS-CoV-2 LAMP 
detection method on saliva sample with a direct, fast, sensitive 
and economic workflow that will allow large-scale screenings 
of population and might as well be a starting premise for future 
infectious disease screenings.

Results
We first searched for a suitable commercial LAMP assay for 

SARS-CoV-2 detection that would satisfy our necessities: one-step 
amplification (retro-transcription included), colorimetric assay, 
direct sample impute (without nucleotide purification needed) 
and saliva sample proved. None of the commercially available 
assays fulfilled all the criteria, but one was close: SARS-CoV-2 
Rapid Colorimetric LAMP Assay Kit from New England Biolabs, 
USA. rActine gene as internal control, which will amplify the host’s 
genome in the sample, as well as the assay for SARS-CoV-2 with two 
targets (N1 and E gene), will turn from pink to yellow when positive 
amplification is achieved allowing a naked-eye interpretation of 
colorimetric LAMP.

We used spiked-in saliva samples for testing the assay. As spike, 
several SARS-CoV-2 RNA extracted from nasopharyngeal samples 
using the STARMag universal extraction system (Seegene Inc, Seoul, 
South Korea) with Ct between 15 and 20 for the E, N and RdRP genes 
as detected by RT-PCR using the Allplex 2019-nCoV assay (Seegene) 
were used. A dilution 1:10 of this RNA was used for the different 
experiments. The Positive Control (PC) of the commercial kit was 
also used as spike and in serial dilutions for sensibility testing. This 
PC is a target DNA for the SARS-CoV-2 assay with approximately 10⁶ 
copies/µl. All the incubations were performed in a thermocycler 
(30min at 65 ºC) in 0.2ml reaction tubes. 

The basic protocol (NEBmanuale2019.pdf; Master Mix, Oligo 
mix, guanidine chloride, saliva sample, ddH2O), although successful 
with different isolated RNA, was not consistent with saliva samples 
and therefore, a range of compounds commonly used to enhance 
PCR or other isothermal methods was tested. Most of the additives 
aimed to buffer basal pH differences in saliva (TE, TBE, NaOH), 
inhibit DNA binding proteins or RNA degrading (proteinase K, Rnase 
inhibitor (RNase Out, Invitrogen), MycroLYSIS-RNA (Clent Life 
Science), Chelex-100 (Bio-Rad #1421253)) and/or enhance RNA 
amplification (DTT, SDS, Tween). In contrast to SARS-CoV-2 assay, 
the assay for rActine amplification does not present problems with 
direct saliva samples. One reason could be that SARS-CoV-2 assay 
is a mix of two assays and might have bigger limitations amplifying 
the virus targets.

Plenty of studies have come out using PBS, TE, water or NaOH to 
dilute saliva samples [2,8]. However, in our experience, SARS-CoV-2 
was inconsistently detected in many saliva samples indicating the 
presence of an inhibitor in saliva that impaired the assay. Many 
of the mentioned works [9] have not tried with different saliva 
samples but with technical replicates and this could mitigate the 
putative effect of inhibitors. Previous works showed that a key 
step is the heating of the sample previous to the LAMP reaction 
[2,8]. It dramatically increases sensitivity of target amplification 
as it provides RNA release and nucleases inactivation in crude 
samples. When working with purified RNA, this step should not be 
necessary, however, as our protocol aims to scale up to infectious 
saliva, we decided to implement this step of virus inactivation/RNA 
extraction (95 ºC for 10min) from the beginning. 

Lalli MA et al. [8] found that LAMP reaction is compatible with 
samples diluted in Phosphate Buffered Saline (PBS) or TE buffer 
(10mM Tris, 0.1mM EDTA), and that heat treatment (55 ºC for 
15 minutes, 95 ºC for 5 minutes) with and without proteinase K 
improved viral detection compared to untreated samples (p<0.01 
and p<0.001 respectively). However, neither protease treatment 
of saliva samples, nor the above-mentioned compounds helped 
to obtain the desirable results in our laboratory. Only Chelex-100 
protocol showed good enough efficiency (71% as shown in four 
experiments with 23 different saliva samples). In keeping with 
standard Chelex-100 protocol, samples were mixed 2:3 with 30% 
wt/vol Chelex-100 solution, incubated at 95 ºC for 10 minutes, 
and then assayed with RT-LAMP. Pulse spinning pretreated saliva 
samples in a microfuge immediately prior addition to the LAMP 
reaction showed to be necessary. Given the good results observed 
with Chelex-100, we sought to improve sensitivity incorporating 
new compounds into our highest sensitivity protocol. The best 
results were archived when SDS at a 0.5% final concentration was 
added to the sample before Chelex, showing a 97% of efficiency. All 
experiments of RT-LAMP were run repeatedly and in triplicates to 
verify reproducibility.

Our best results were obtained when saliva samples were 
mixed with Chelex. This resin has shown to be crucial and much 
more effective than another buffer, enzyme or alkalinizer. By 
sequestering divalent metal cations, Chelex-100 protects RNA from 
degradation at high temperature. Chelex-100 also has a basic pH, 
which reduces sensitivity to variations in patient saliva pH without 
inhibiting LAMP. We observed that mixed with SDS, results were 
better as samples that would not amplify with only Chelex would 
work as well when SDS was added to the mix. In this sense, it is worth 
noting that unlike described before by other authors, the addition 
of guanidine chloride to LAMP reaction, significantly improves the 
percentage of positive detection, increases performance and was 
fundamental for the SARS-CoV-2 LAMP assay in our experiments, 
although it was needless for the rActine assay.

SARS-Cov-2 infected RNA or RNA containing the LAMP assay 
target was spiked into negative control saliva samples to simulate 
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a virus-infected saliva. This is a useful model that allows testing 
different saliva types with no need to manipulate virus-infected 
saliva in the laboratory. However, and to verify that our assay and 
protocol have the same efficiency with infected saliva, we tested 
9 saliva samples available from de Microbiology department of 
the Hospital Donostia. In this case, all of the saliva’s positive for 

SARS-Cov-2 were detected as positive as well with LAMP assay. 
20 negative saliva were included in the experiment as negative 
control and were tested as well after spiked-in with SARS-Cov-2 
RNA (Figure 1). The results confirm that none of the saliva samples 
inhibited the assay reaction and 100% of the positive samples were 
diagnosed as positive.

Figure 1: Analysis of SARS-Cov-2 infected saliva samples with LAMP assays. Yellow colour denotes positive 
amplification of the reaction whereas pink indicates no amplification. 

A. Virus infected salivas, positive for SARS-Cov-2 with RT-qPCR assays, were detected positive as well with 
LAMP assay. 20 virus free saliva were included in the experiment as negative controls. 

B. The same samples (9 infected saliva and 20 virus free saliva) were tested for rActine assay. 

C. The same 20 SARS-Cov-2 negative saliva samples were tested after spiked-in with SARS-Cov-2 RNA to 
show that none of the saliva inhibited SARS-Cov-2 LAMP assay. 

PC: positive control for SARS-Cov-2. 

NTC: None Template Control.
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We tested the SARS-CoV-2 assay for specificity. Various 
respiratory virus RNA samples were checked (Influenza A H1 
andH3, Influenza B, RSV, Bocavirus, Rhinovirus) and for all of them 
the result was negative for SARS-CoV-2. Finally, we determined 
de Limit of Detection (LOD) of our optimized assay using serial 
dilutions of the virus positive control template (NEB) spiked into 
saliva. The assay detects a minimum of 20 total RNA copies of SARS-
CoV-2 per reaction (10 copies/µl. of sample in the reaction). Since 
saliva samples were 5-fold diluted (because SDS and Chelex are 
added) prior to LAMP reaction, the detection limit of the assay with 
saliva is above 50 copies/µl.

The colorimetric detection in this method is based on the 
pH-sensitive dye phenol red. Incorporation of dNTPs during DNA 
amplification results in accumulation of protons that reduces the 
pH in the reaction buffer and can be detected by a color change. 
In acidic pH (pH≤6.8), phenol red changes color to yellow. The 
simplicity of the assay and workflow makes it useful for any 
house made laboratory without the necessity of sophisticated 
equipment. However, fluorophore-based assays give a more precise 
interpretation of the results as well as a quantification of target 
copies [10].

Conclusion
We conclude that an efficient and sensitive detection of SARS-

CoV-2 in saliva can be achieved by colorimetric RT-LAMP with 
SDS and Chelex addition to the sample, a short spin and a 10min 
incubation at 95 ºC prior to LAMP amplification at 65 ºC for 30min. 
Our approach solves two major bottlenecks in massively screening 
for COVID-19 causing infectious virus: sample collection and RNA 
extraction. However, future studies are needed with higher number 
of saliva samples from SARS-CoV-2 infected patients at different 
timepoints of the infection to confirm the test as a high throughput 
screening diagnostic method with sufficient sensitivity.
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